We propose a framework to evaluate the conditionality of forecasts. The crux of our framework is the observation that a forecast is conditional if revisions to the conditioning factor are faithfully incorporated into the remainder of the forecast. We consider whether the Greenbook, Blue Chip, and the Survey of Professional Forecasters exhibit systematic biases in the manner in which they incorporate interest rate projections into the forecasts of other macroeconomic variables. We do not find strong evidence of systematic biases in the three economic forecasts that we consider, as the interest rate projections in these forecasts appear to be efficiently incorporated into forecasts of other economic variables.
Introduction
Given the importance of macroeconomic and financial forecasts, it is no surprise that a large literature evaluates forecasts from the Federal Reserve staff and the private sector. Many papers analyze forecast accuracy, while a more recent literature uses forecasts to measure the importance of informational frictions in the economy. 1 However, macroeconomic forecasts are conditioned on a path for future interest rates, and the implications of conditioning forecasts on a future path for interest rates is not as thoroughly explored in the literature. For example, the fact that the Federal Reserve's Greenbook forecasts perform as well as private sector forecasts is surprising considering that, for long periods of time, the Greenbook explicitly provided policymakers with a forecast of the economy consistent with no change in monetary policy and therefore was conditioned on a flat path for the federal funds rate (Reifschneider, Stockton & Wilcox, 1997; Reifschneider & Tulip, 2017) . This paper develops a framework to assess forecast conditionality. The crux of the framework is the following observation: a forecast is conditional if revisions to the conditioning factor (e.g., the expected path of the policy rate) are incorporated into the remainder of the forecast in a coherent manner. We consider two specific properties. First, when the forecast of the conditioning factor changes, other components of the forecast ought to revise as well. Second, ex-post forecast errors should not be related to revisions in the conditioning factor. We name these two properties 'absorption' and 'fidelity'. Absorption refers to the idea that changes to a conditioning factor affect, or are absorbed into, other variables that are forecast. Fidelity is a more precise condition that examines whether changes in conditioning factors are correctly incorporated into all other elements of the forecast.
We use our framework to compare three important macroeconomic forecasts: the Greenbook, Blue Chip, and the Survey of Professional Forecasters (SPF). We evaluate how these sets of forecasts incorporate three interest rate projections: the federal funds rate, the three-month Treasury yield, and the 10-year Treasury yield. We choose to focus our analysis on consensus forecasts for two 1 Although the forecast accuracy and statistical efficiency of Greenbook and private sector forecasts are sensitive to the sample period used, a typical result is that the Greenbook forecast is as accurate as consensus forecasts from the private sector. See, for example, Romer & Romer (2000) , Sims (2002) , Clements, Joutz & Stekler (2007) , Faust & Wright (2008) , Faust & Wright (2009) , Tulip (2009) , Caunedo, DiCecio, Komunjer & Owyang (2013) , Messina, Sinclair & Stekler (2015) , Rossi & Sekhposyan (2016) , Sinclair, Stekler & Carnow (2017) , and Reifschneider & Tulip (2017) , among many others.
reasons. First, these consensus forecasts are important inputs to decision making processes, and understanding their statistical properties is valuable. Second, Romer & Romer (2000) argued that the Greenbook forecasts have an informational advantage over the forecasts from the private sector.
As we will see, our framework can speak to whether this informational advantage exists or not.
The conditions we consider are special cases of the Nordhaus (1987) tests of informational efficiency, and our work is related to that subsequent literature. Recently, Lahiri & Sheng (2010) examine the relationship between ex-post forecast errors, disagreement and uncertainty. Dovern & Weisser (2011) evaluate an international panel of professional forecasters, while Messina et al. (2015) evaluate the informational efficiency of the Greenbook forecasts. Coibion & Gorodnichenko (2015) use the approach to discern between noisy and sticky information models. When they evaluate the SPF, they reject that the forecasts are informationally efficient, and attribute this deviation to informational rigidities. Andrade & Bihan (2013) , Dovern, Fritsche, Loungani & Tamirisa (2015) and Andrade, Crump, Eusepi & Moench (2016) also explore the role of information frictions in professional forecasts. Typically, papers that perform forecast evaluation consider elements of a forecast one at a time, and this is also our approach. 2 Our analysis is also related to papers that explicitly consider conditional forecasts. While standard Nordhaus-type regression analyses treat forecasts as though they were unconditional, Faust & Wright (2008) and Clark & McCracken (2014) point out that the forecast errors of conditional forecasts contain two elements: the statistical properties of the unconditional forecast errors and those of the conditioning of the forecast. Papers that consider conditional forecasts have typically assumed that the conditioning variable is the federal funds rate. However, the federal funds rate need not be the relevant conditioning interest rate. For example, the Federal Reserve staff may not wish to explicitly forecast the actions of the Federal Open Market Committee (FOMC); private forecasters may well take a similar approach. Similarly, the relevant interest rate for macroeconomic forecasts may not be the policy interest rate but some other interest rate. Our framework can shed light on whether a forecast is conditional for a particular interest rate.
We find that forecasts of macroeconomic variables are clearly related to interest rate projections 2 A smaller number of studies have examined multivariate forecast rationality. Komunjer & Owyang (2012) and Caunedo et al. (2013) develop a methodology, applied to the Greenbook forecasts, that derives the weights of a forecaster's loss function. Sinclair et al. (2017) develop multivariate versions of forecast efficiency regressions and apply them to the Greenbook forecasts.
in the sense that they revise together. In addition, we do not find strong evidence that forecast errors of the macroeconomic projections can be predicted using changes in interest rate projections.
On the whole, our evidence suggests that forecasters properly incorporate changes in their interest rates projections into their forecasts of macroeconomic variables.
2 A framework for evaluating forecast conditionality Consider a forecast of K different quarterly variables, denoted by the vector y, at time t. A forecaster produces point forecasts of the paths of each element in y at horizons h = 0, 1, ..., H, where h = 0 denotes a current-quarter forecast. Associated with the forecast of period t + h produced at period t is a vector of forecast errors, e t+h|t = y t+h −ŷ t+h|t . The tools we propose are relevant for any two elements of the forecast vector, however it is convenient to group the elements of y into two non-overlapping sets: macroeconomic variables (y x ) and financial variables (y f ), and their associated forecast errors, e x,t+h|t and e f,t+h|t . Of course, all elements of the forecast are interrelated, but this grouping is natural. For example, the Greenbook forecasts are conditioned on an assumed path of future monetary policy (Reifschneider, Stockton & Wilcox (1997) ; Pagan & Robertson (2004) ; Reifschneider & Tulip (2007) ). Similarly, respondents to the Blue Chip and the SPF provide joint forecasts of both macroeconomic and financial variables. It is natural to expect that macroeconomic forecasts are affected by changes to financial market projections, and vice versa.
Our first criterion is absorption, the idea that revisions to one element of the forecast ought to relate to revisions in the other elements. Define ∆ŷ i,t+h|t =ŷ i,t+h|t −ŷ i,t+h|t−1 as the revision to the forecast of variable i in period t + h produced at t. Absorption implies that revisions to the conditioning variable covary with revisions in other elements of the forecast and the rejection of the following null hypothesis:
where Z is a vector of controls that we describe in detail later. Of course, the relationship need not be causal, and we do not interpret it as such.
Absorption is related to Clements' concept of attentiveness (Clements 2012 
where again Z is a vector of relevant controls. The fidelity condition is the heart of what it means for a forecast to be conditional: improper conditioning on the financial variable results in predictable forecast errors of macroeconomic variables.
These two conditions, absorption and fidelity, constitute our framework for understanding how macroeconomic forecasts are conditioned. Absorption explores the behavior of forecasters, although the inference that one can draw from a rejection (or lack of rejection) of the absorption null is limited. Rejection of the fidelity null, however, constitutes evidence against the statistical efficiency of a forecast. Overall, the tables corroborate Reifschneider & Tulip (2017) , who conclude that Greenbook forecasts perform as well as the consensus forecasts produced by the private sector. We find some evidence that Greenbook forecasts are more accurate than the forecasts of the private sector, but the superiority is typically limited to the current quarter. The exception is Greenbook forecasts of the 10-year Treasury yield, which are more accurate than the corresponding forecasts from the Blue Chip. 6 That the Greenbook's 10-year yield forecasts are relatively more accurate is peculiar given 3 Greenbook forecasts are from the database maintained by the Federal Reserve Bank of Philadelphia (2017a). We augment some of the financial assumptions data on the Philadelphia Fed website using data from Faust & Wright (2009) . Greenbook forecasts are made public with a five year lag, and our dataset ends in 2011. 4 We use the BEA's second release of real GDP growth to calculate GDP forecast errors. Since revisions to the unemployment rate and CPI are negligible, we use current vintage data. Financial market data do not revise.
Revisiting economic forecasts
5 Results that use the full sample instead are available from the authors upon request. 6 Although the SPF has a smaller RMSE, its sample size is also smaller, since respondents to the SPF do not forecast the 10-year yield until 1992.
that Greenbook forecasts of the federal funds rate are not more accurate than their private-sector counterparts.
In an influential paper, Romer & Romer (2000) suggest that the Greenbook may contain an informational advantage over private sector forecasts. Since Greenbook forecasts of future short rates are not superior to private sector forecasts, taken at face value table 2 suggests that if the Greenbook contains an informational advantage, then the source of that advantage is not future monetary policy. We explore how the Greenbook incorporates monetary policy changes by considering the reaction to policy actions from the FOMC itself. We regress forecast revisions onto lagged realized policy changes and controls. 7 We are interested in whether realized policy changes affect the forecasts differently. For each survey j forecast of variable i the regression is:
where ∆F F R t−1 is the change to the federal funds rate that occurred at the most recent FOMC meeting, N BER is a dummy variable for recessions and ∆ŷ j i,t+h|t denotes the revision to the forecast of variable i in period t + h from forecaster j. Finally, ∆ŷ −j i,t+h|t is the revision to the other forecast. The coefficient on the lagged federal funds rate describes the average reaction of forecasters to an observed 100 basis point change in the federal funds rate.
As shown in table 3, FOMC interest rate actions accompany revisions to nearly all elements of the Blue Chip projection. When the FOMC moves the federal funds rate higher, Blue Chip forecasters revise their inflation and interest rate projections higher and their unemployment rate projections lower. For the SPF, FOMC rate changes produce revisions to short-term interest rates and unemployment rate projections at longer forecast horizons. Greenbook forecasts, however, react differently. Macroeconomic variables are largely unrevised following FOMC actions, with the exception of inflation forecasts at longer horizons. The lack of revision in macroeconomic variables is somewhat peculiar: for large portions of the sample we consider, the Greenbook forecast was conditioned on a random-walk assumption for the policy rate (Reifschneider et al. 1997 ). The Greenbook projection for the path of 10-year Treasury yields does not strongly respond to FOMC policy.
The differential pattern of revisions across forecasters to FOMC policy suggest that the forecasts are not conditioned in the same way. The next section further explores the conditionality of these forecasts, and evaluates whether the forecasts exhibit informational inefficiencies with respect to these interest rates.
Evaluating the conditionality of judgmental forecasts
We evaluate the absorption condition (1) by regressing revisions to macroeconomic variables onto revisions in each interest rate. Since Sinclair, Joutz & Stekler (2010) and Messina et al. (2015) have found that Greenbook forecast errors are systematically related to the state of the business cycle, we include as a control a dummy variable that indicates whether a quarter was defined as recession by the NBER in our regressions. Table 4 considers the federal funds rate as the conditioning variable. Macroeconomic forecasts revise in a similar way to changes in the federal funds rate as they did to FOMC policy changes (table 3) . Tables 5 and 6 show how macroeconomic forecasts incorporate revisions to the threemonth and 10-year Treasury rate projections, respectively. The pattern of revisions is similar to the pattern observed for the federal funds rate. When either Treasury rate revises higher, real GDP growth forecasts also revise higher in the very short-term. Revisions to interest rates at longer forecast horizons tend to correspond with downward revisions to output growth. Inflation and other interest rates revise higher when interest rates move up, and the unemployment rate revises lower.
The responses for real GDP and inflation tend to be strongest at far-ahead horizons, consistent with the empirical regularity that monetary policy changes act on the real economy with a lag. Unsurprisingly, the federal funds rate and three-month Treasury projections are very closely related: when one of these interest rates revises, the other also revises nearly one-to-one. The elasticity of the Greenbook's 10-year Treasury projections to its short-term interest rate projections is much smaller than the private sector forecasts, while the responses of the macroeconomic variables to any interest rate revisions are broadly the same across the three surveys.
We evaluate the fidelity condition by regressing forecast errors onto interest rate revisions.
Again, regressions include NBER-defined recessions. We also include the subsequent forecast error of the conditioning interest rate in the regression to control for the portion of the forecast error that is related to the concurrent error in the conditioning variable. Tables 7-9 give the results and show that forecasts are, for the most part, faithful to revisions in the projected path of interest rates. That is, the null hypothesis of fidelity is generally not rejected.
For real GDP growth, the point estimates from the fidelity regressions tend to be negative but imprecisely estimated. Inflation projections also do not show a regular pattern of biasedness, with the exception of very short-horizon forecasts from the Blue Chip. There is some evidence that short-term interest rate revisions in the Greenbook predict its unemployment rate forecast errors.
The point estimates on forecast errors for the unemployment rate projection in tables 7 and 8 are all negative, and statistically significant at the 10 percent level for longer horizons. When the Greenbook federal funds rate projections revise 25 bps higher, the concurrent unemployment rate projection four quarters ahead is roughly 2-3 basis points too high. The pattern of forecast errors is not driven by large negative revisions to short-term interest rates, since the regression controls for NBER recession dates and the subsequent forecast error to the interest rate itself. In addition, auxiliary regressions (not shown) do not reject the null that the response to revisions differs when the revision is positive versus when the revision is negative.
There is also some evidence of inefficiency between revisions to financial variables and the forecast errors of other interest rates. When the Greenbook forecast of the federal funds rate revises higher, the forecast of the three-month Treasury yield tends to be slightly too high, table 7.
Given that revisions to the Greenbook's federal funds rate projection and its three-month Treasury projection move about one-for-one with one another, this finding suggests a tension in how the Greenbook links its interest rate projections with one another. The Greenbook's 10-year Treasury projection largely satisfies the fidelity condition; revisions to the federal funds rate do not predict forecast errors in the 10-year rate, although the 10-year Treasury projection is somewhat too low when the Greenbook revises its three-month Treasury rate. For the private sector forecasts the opposite is true: when the consensus forecasts revise short-term interest rates higher, their 10-year projection is subsequently too high, especially for the SPF. These results may reflect the difficulties faced by a central bank when communicating its expected path of policy. For example, this pattern of revisions would result if a central bank raised interest rates at a modest but persistent pace, but the private sector did not understand this intention. Alternatively, the results could reflect different interpretations between the Federal Reserve staff and private sector forecasters of the secular decline in long-term interest rates during the period. For example, perhaps the Greenbook forecast internalized this secular decline earlier than private sector forecasts.
Conclusion
In this paper, we developed a framework that evaluates whether forecasts are correctly conditioned.
The framework first examines whether macroeconomic and interest rate projections are related by regressing forecast revisions from one variable onto the revisions of the other, which we call absorption. We then test whether macroeconomic forecasts are properly conditioned by testing the null that ex-post forecast errors and interest rate revisions are unrelated. We denote this condition fidelity, since proper conditioning means that the details of the remainder of the forecast are correctly implemented. The tests we propose are straightforward but useful diagnostic tools for macroeconomic forecasts.
Since the economic forecasts from the Greenbook, Blue Chip, and the SPF are used to inform a wide variety of decisions, it is important to understand the statistical properties of these projections.
Unsurprisingly, we find that macroeconomic projections tend to revise when interest rate forecasts change, indicating that forecasters believe that these variables are related. We do not find strong evidence of systematic biases in the three economic forecasts that we consider. In most cases, changes in interest rate variables do not predict subsequent forecast errors for other economic forecasts. 1972m1-2011m12 1978m8-2011m12 1972Q1-2011Q4 CPI 1979m10-2011m12 1980m2-2011m12 1981Q3-2011Q4 Unemployment rate 1972m1-2011m12 1980m3-2011m12 1972Q1-2011Q4 Fed funds rate 1981m1-2011m12 1982m10-2011m12 -Treasury bill 1980m3-2011m12 1980m10-2011m12 1981Q3-2011Q4 Treasury bond 1980m1-2011m12 1982m1-2011m12 1992Q1-2011Q4 Three-month yield Greenbook 0.11 0.34 * * 0.44 * * 0.44 * * 0.39 * * (0.10) (0.11) (0.12) (0.11) (0.10) Blue Chip 0.37 * * 0.69 * * 0.71 * * 0.69 * * 0.59 * * (0.10) (0.15) (0.13) (0.11) (0.10) SPF 0.52 * * 0.75 * * 0.75 * * 0.64 * * 0.53 * * (0.07) (0.09) (0.10) (0.10) (0.10) 10-year yield Greenbook 0.10 0.07 0.14 0.15 0.14 (0.13) (0.13) (0.12) (0.11) (0.11) Blue Chip 0.21 * * 0.24 * * 0.21 * * 0.18 * 0.19 * * (0.08) (0.09) (0.10) (0.10) (0.09) SPF 0.13 0.16 0.18 * 0.12 0.14 * * (0.10) (0.10) (0.09) (0.08) (0.07) Table 9 : Do forecasts maintain fidelity to the 10-year Treasury yield projection? Table shows estimated β coefficient from regression: e i,t+h|t = α + β∆ŷ i10y,t+h|t + γ 1 N BER t+h + γ 2 (y i10y,t+h − y i10y,t+h|t ) + u t+h . Sample period is 1984-2011. Newey-West standard errors in parentheses, asterisks denote statistical significance at 10 ( * ) and 5 percent ( * * ) confidence level.
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